Introduction 24
There has been an increasing interest in the consumption of restructured 25 minced products in the last years. However, several factors may alter their 26 quality during processing. One of the main factors influencing seafood stability 27 is the oxidation of the different muscle components, due to either the storage 28 conditions or the processing to which minced fish is subjected to obtain and 29 guarantee a safe final product. 30
31
In this sense, a rapid lipid oxidation is frequently observed and a decline in 32 acceptability has been associated with a rise in 2-thiobarbituric acid (TBA) 33 values. However, there are scarcely references about the oxidation of proteins. 34
Formation of carbonyl groups in proteins has been widely used as a measure of 35 oxidation (Srinivasan & Hultin, 1995) . Protein oxidation may occur more rapidly 36 than lipid oxidation in biological systems as muscle (Davies & Golberg, 1987; 37 Srinivisan & Hultin, 1995) , since protein is within the aqueous phase where 38 many radicals are formed (Soyer & Hultin, 2000) . Davies (1986) , and Srinivasan 39 and Hultin (2000), described the sequence of changes in proteins as following. 40
Firstly, free radicals react with side chains of proteins, producing protein free 41 radicals. Secondly, these free radicals may react with molecular oxygen to form 42 peroxy radicals, which in turn can capture hydrogen from another molecule 43 yielding hydrogen hydroperoxides. Finally, these protein hydroperoxides may 44 break down, being the carbonyl groups one of the resulting products. 45
Furthermore, protein radicals could react with susceptible lipids enhancing the 46 rate of lipid oxidation, but they could also serve to scavenge free radicals and 47 3.31 % fat; and sol and gel formulation with rosemary were 77.28 % water, 122 16.00 % protein and 3.25 % fat. 123 124
Gel forming treatments. 125
Homogenates with sodium chloride were stuffed into flexible plastic casing 126 (Krehalon Soplaril, Barcelona, Spain) of 40 µm thickness and 3.5 cm diameter. 127
Conventional thermal treatment was used for gel formation (90 ºC / 50 min) 128 (TQ; TR). High pressure treatments were performed in a high pressure pilot unit 129 (ACB 665, Gec Alsthom, Nantes, France), where the temperature of immersion 130 medium (distilled water) was controlled via a thermocouple with a programmed 131 thermostatization equipment (model IA/2230 AC, INMASA, Barcelona, Spain). 132
The pressure was increased by 2,5 MPa/s. The high pressure treatments 133 applied were 300 MPa / 25 °C / 15 min (P25Q, P25R) and 300 MPa / 5-7 °C / 134 15 min (P7Q, P7R). A microwave treatment was also tested to obtain the gels, 135 consisted of 700 W during 90 sec (45 sec on one side and it was turn over 45 136 sec) (mwQ, mwR); where water was used to cover the bottom of plate. 137
138

Antioxidant activity 139
The ferric reducing/antioxidant power (FRAP) assay was used as a measure of 140 the reducing ability of gels following the method Benzie and Strain (1996) 
Results and discussion 179
Preliminary trials showed that it was necessary to use rosemary extract in 180 double concentration than quercetin in order to obtain a similar range of 181 antioxidant activity. In the present study the antioxidant capacity of different 182 batches of minced muscle, sol and gels containing quercetin (0.3 %) and 183 rosemary (0.6 %) extracts, measured by ferric reducing/antioxidant power assay 184 to the prooxidant effect of NaCl solubilized in the muscle, as it has been 194 previously described (Andersen & Skibsted, 1991; Kanner, Harrel & Jafe, 1991) . quercetin extract at 0.3 % showed a similar reducing ability to that described for 210 MQ, mean while pure rosemary extract at 0.6 % showed about 6 times higher 211 ability than M R. The loss of activity observed for rosemary extract in muscle 212 and gel could be due to its role in lipid oxidation, which consequently involves a 213 reduction in the bio-availability of this antioxidant. It has been reported that 214 rosemary extract reduces the lipid oxidation in gels induced by heat and high 215 pressure (Pérez-Mateos et al., 2002) . by Benzie and Strain (1996) for pure extract of phenolic compounds. 222
Considering these results, the increase observed in the reducing ability with 223 reaction time could be considered another parameter to define the antioxidant 224 capacity of a compound. 225
226
The antioxidant activity measured by the scavenging of the synthetic radical 227 of salt did not involve any change in EC 50 , and sol R and sol Q showed similar 247 values to those described for MR and MQ, respectively. Nevertheless, sol Q 248 showed quite higher T EC50 values than MQ. The lost of antioxidant activity 249 observed with respect to pure extracts was probably due to the interaction 250 between antioxidant molecules and mince or sol constituents, respectively. The 251 antioxidant capacity in gels induced by conventional heat treatment was similar 252 to that found for both, mince muscle enriched with antioxidants and gels 253 induced by high pressure applied at moderate temperature (25 ºC). However, 254 the gels induced by high pressure in cold conditions (7 ºC) containing quercetin 255 showed increased EC 50 values and thus, lower scavenging antioxidant capacity. 256
On the other hand, those gels obtained by microwave treatment showed the 257 best antioxidant capacity, which resulted similar to that found for pure rosemary 258 and quercetin extracts. It seems that the short time needed to obtain the 259 microwave gels promotes a rapid protein-protein interaction and, thus, is not 260 enough to establish any bond between muscle protein and antioxidant 261 molecules, remaining the latter more bio-available. The mechanism of protection given by an antioxidant was postulated to occur at 271 the initial stage and more effectively during the propagation stage of oxidation in 272 case of peroxy radical (ROO▪) scavengers such as phenolic compounds. The 273 peroxy radicals formed are intercepted or inhibited by a free radical acceptor 274 (phenolic structure), stopping the chain reaction as a consequence (Basaga, 275 Tekkaya & Acikel, 1997) . 276
277
Since the antioxidants used in the present study are chiefly phenol based 278 compounds, the determination of radical scavenging capacity should be an 279 adequate method to evaluate the antioxidant ability of the pure rosemary and 280 quercetin extracts. However, it is possible that some interactions with lipids and 281 proteins take place when these antioxidants are blended with mince muscle 282 and, as a result of this, they partially loose its scavenger capacity. 283
284
The reducing ability of these polyphenols (quercetin and rosemary) seems to be 285 a more important factor to dictate the antioxidant activity than the free-radical-286 scavenging capacity, given that differences were less noticeable in the latter. mince compounds that influence the bio-availability of the antioxidants. 296
Quercetin extract seems to be more bio-available than rosemary extract when 297 included into a fish gel matrix. 298
299
The carbonyl groups content, measured as an index of protein oxidation, is 300 shown in figure 2. The addition of quercetin to mince muscle slightly increased 301 (p ≤ 0.05) the carbonyl groups content. This result seems to be in conflict with 302 the antioxidant properties of the quercetin extract. It could be possible that, as a 303 consequence of the interactions that may take place between quercetin and 304 protein, new susceptible to oxidation sites arose in proteins. The solubilization 305 of protein with sodium chloride gave rise to a noticeable increase in carbonyl 306 groups level, despite having a lower content of protein (1.5 %). This effect has 307 been previously reported in other studies (Karastogiannidou, 1999) . The native 308 structure of the protein is often the most stable conformation, and a chemical 309 change in the side groups may probably lead to a partial loss of stability (Hultin, 310 1986) . Both extracts, quercetin and especially rosemary, acted as antioxidants 311 and decreased the carbonyl groups content in sol samples. No differences in 312 carbonyl groups content were found between gels induced by conventional heat 313 or microwave treatment, respectively. However, the presence of quercetin 314 extract gave rise to noticeable lower levels of carbonyl groups. Furthermore, it 315 seems that high pressure treatment promoted the formation of carbonyl groups 316 in spite of the addition of rosemary or quercetin extract, although levels were 317 higher in those gels including rosemary, mainly when high pressure was applied 318 at moderate temperature (25 ºC). The high pressure induced protein oxidation 319 more than thermal treatments. Quercetin extract seems to be more effective 320 probably because there was a slight variation in formula, mainly in protein 336 content (2.17 % lower). In addition, lipids may interact covalently with proteins 337 upon gelling, leading to a considerable reduction of the amount of available TBA 338 reactive substances. The high pressure gave rise to similar values at 7 ºC and 339 25 ºC respectively, for rosemary and quercetin, although rosemary was shown 340 more effective than quercetin extract. TBARS values for gels induced by 341 microwave treatment including both, quercetin and rosemary, were similar to 342 those described for gels induced by high pressure containing rosemary. In general, the effectiveness of rosemary to prevent lipid oxidation was higher 345 than that shown by quercetin although it should be taken into account that the 346 former was added in double amount. Rosemary gave rise to a lower antioxidant 347 activity measured by FRAP when added to mince muscle, sol and gels, 348 although the pure rosemary extract presented higher FRAP values than pure 349 quercetin. Thus, it seems that rosemary may interact with lipids in a higher 350 degree, preventing them from oxidation. Quercetin and rosemary extracts 351 remained partially bio-available in the final gels. Rosemary gave rise to a higher 352 protection against lipid oxidation in gels induced by heat and high pressure 353 
